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Annomauua. B cmambe paccmampuéaemca APKO 6bIpadtCeHHbIll BePMUKAbHbIU BOdCOOMeHA 
MexCOY OMOEIbHbIMU CIOAMU NOpod nO BepmuUKaNU U CpaBHUuMeNbHO OoNbWUX 2Opuz0HMAaoNbIXx 
cKopocmax 6 eepxnem naacme. IIpueodumca ypaBHeHUA U NPUHAMbIE YCIOBUA OBUICEHUA 2PYHMOBbIX BOO 
6 O6yxcnounom niaacme. Tlonyuenbl ebipastceHuA OA BEUYUHbI BEPMUKAbHO2ZO BOOOObOMeHAa MencOoy 
niacmamu. 


Kuroueepie cioea: eodo0obmen, CKOpocmb, O6yXCIOUNbIU niacm, 2pyHMO6b1e BOObI 


AHHOTAaHA. 

Makoslaya BepTuKasI Ba JOKOPH KaTuaMaru HUcOaTaH }OKOpH KYHaaHr TOPH30HTall Te3sMKIAap 
oyiina6 anoxuya %*MHC KaTaMilapu YpTacHya aHvK BepTHKasl CyB-Ty3 aJIMalIMHyBu KYpHO 4HKMIraH. 
VUkku KaTuaMiIM ep OCTM CyBIapHHHHr XapakaTNaHul TeHTaMaslapH Ba KaOyJI KWJIMHTaH iWapTiap 
KeTupuiraH. Katiamiap opacugaru BepTHKall cyB aJIMallIMHyBHHMHT KMMiMaTH y4yH udosazap 
oman. 

Kant cy3ulap: CyB aJIMallIMHyBH, Te3JIMK, KKH KaBaTJIM KaTIaM, ep OCTH CyBuIapu 
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I pyHT ipeyctapsaer Cobo Tpex a3sHyt0 cpeyy, COCTOALLY!O H3 TBEPAbIX YacTUL (CKeseT IpyHTa) 
, KMAKOCTH M BO3Lyxa, HallojsIHeHHOrO MapaMu BosbI. B citydae MOHOTO HacbIMeHHA BO3TyWIHad (paza 
oTcytcTByeT. EcrecTBeHHO, 4TO MaTeMaTH4eCKHe COOTHOMICHHA, ONMCbIBAaIOMMe UIbTpalM1o pu 
TIOJIHOM HacbIleHHH PpyHTa JOJMKHBI CileOBaTb Kak YacTHbIi cryyai U3 Ooee OOMIHX, MOWYACHHBIX WIA 
J{BYOKCHHA Bar Tp MOJIHOM HaceilleHHn. [Ipu 1osTHOM 3alOJIHeHHH Op 3Ha4dHTesIbHad YaCTb Bar He 
ouwBepraetca JjeHCTBHIO CO CTOPOHbI TBepbIX 4aCTHY. ITO, Tak Ha3blIBaeMad, TPyHTOBad JIM 
rpaBuTauwMoHHad Boya. B Teopun dusbTpalMn U3sy4aloT ABYXKeHHe WMeCHHO IpyHTOBOH BODE, 
WBYKyleicaA TWO WeMcTBHeM CHIBI THKECTH HW THApOAMHamMuYecKoro JaBeHuA. [pH HenomHOM 
HaCbINeCHHH CHJIbI, WelCTByIOWMe Ha %XKHKOCTb CO CTOPOHbI CKeJleTa TpyHTa-cuIbI copouMH u 
ajllcopOuMv, HMeIOT TOT %Ke MopsAyOK, 4YTO UM CHa TAXKeECTH, a TIP MasIOM BUAKHOCTH ABJIAIOTCA 
TpeoOsazaiouuMu. boweiryio poslb TakxKe HayHHaIOT MIpaTb CHJIbI, BOSHHKalOWMe Mo WeiicrBuem 
TeMIlepaTypHOro rpayuveHTa, rpayWenTa KOHWeHTpallW paCTBOpeHHBIX B BOJ€ MHHEPaJIbHbIX BeLICCTB H 
np. 

IpyHToBad WIM rpaBHTalMOHHad Boa B HeKOTOPOM OKpyxXHOCTH IpyHTa ABMKeTCA MO] 
JeHCTBHeM TeMIIepaTypHOro rpayMeHTa, rpayMeHTa KOHICHTpallW paCTBOPeHHBIX B BOJe MHHepasIbHBIXx 
BeLIeCTB. OCOOCHHO 3TO 3AMCTHO B palioHax, Pe MHHepasIM3allMA TPyHTOBBIX BOA MOBbIMAaeTCA TO 4282- 
5382 mr/i, c WpeoOmayqaHHuemM HOHOB xIopa Wo 1329 mr/n u cynbdatos Wo 2614 mr/n. 3-3a BEICoKOrO 
YpOBHA TpyHTOBbIX BO, Ha OTJCJIBHbIX y4acTKaX, MX arpeCCHBHOCTH B MeCTAaX IIOBbILMeCHHOM 
MHHepan3alHu TpeOyloT TpoBeyenuA ApeHaxka, THAPOV3ONANHH TOA3CMHBIX YacTel, CoopyxKeHuM U 
3all[MTbI OeTOHA OT arpeccMBHOro Bo3zelcTBuA.|[ 1] 

IIpu mocrpoeHuu MaTeMaTHYeckKOH MOJeIM TeHCTBUTebHOe JBYXKeHHe 2%KHAKOCTH B Mopax (B 
TpelMHax) 3AMCHACTCA CIJIOLWHbIM MOTOKOM, 3allOJIHAIOLUMM BCE IIPOCTpaHCTBO, YTO LaéT BO3MO2KHOCTB 
W3y4aTb IIpOwecc B paMKax MeXaHHKH CIVIOLWIHON Cpeibl. 

YpapHenne Hepa3pHiBHocTH. BsrjenuM Mpov3BOubHbI OOBEM H paCCMOTPHM TIOTOK MaccBl 
%KMKOCTH Yepe3 3aMKHYTy!0 MOBepxHocts S , orpaHwunBarollyto TOT OOBEM: 


|| or.4s (1) 


S 
Te P-IWIOTHOCTS %KMAKOCTH, HOpMalbHad cocTaBiaollat cKopocta dunptpauuu- V , eco 
HOpMalIb N - guess 10 oTHOMIeHMIO K oObémy, TO HHTerpam (1) ecTb pa3sHOCTb MexKYy KOJM4eCTBOM 
%KUKOCTH, KOTOpad BbITeKAaeT MH BTeKaeT B OOBEM W uepes IIOBEPXHOCTb S 3a e]MHVLy BpeMeHH. 


Vuterpan {{y pfdw IipeycTaBideT coOol MOTeprO Bar B BbIeICHHOM OOBEMe B CAMHVIy BpeMeHH 
W 


3a C¥eT TpaHcnupalMn BlarM rpyHTOM uM ucrapenua eé B BOSLyWIHYyIO (hazy. 3yecb f cymMMapHaa 


WHTCHCHBHOCTB TpaHciupalHu wu uctapenua. V3meHeHve KOIM4eCTBA X%KHAKOCTH B OObBEMe VV 3a 
eMHULy BpeMeHH, paBHoe: 


I pv, dS +| | | aaw (2) 
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MO?KHO BbIpa3sHTb YWepe3 U3MCHCHHe HaCbIMICHHOCTH HU WIOTHOCTH BHYTpPH o0béMa Cc TIOMOILIb¥IO 


- il ‘mais aw im 


W - HacbIIeHHOCTb WIM BIaKHOCTh, OA OObEMA BOI B TpyHTe, t -BpeMa. 


HHTerpasa: 


YUMTbIBAad BesIM4YHH paBeHcTB (1.2) u (1.3) , HO MpoOTHBONONOKHbI MO 3HaKy, Moyuaem 
MHTerpasibHy!0 (OPMY ypaBHeHHA Hepa3pbIBHOCTH (UJIbTpal[MOHHOrO MOTOKA: 


fav =- Moras {ff aw (4) 


loularad OAMHTerpaibHbie (yHkKWMH B paBeHcTBe (1.4) HelpepbIBHEIMH, TepeiiyqemM kK 
auddepenuMasbHon (opMe ypaBHeHHA Hepa3pbIBHOCTH: 


O eae 
Pr + di + pf =0 ‘ 
Ot 
nupu = const W=M=const m - nopuctocts, 014 06béMa Hop BrpyHte. f =O umeem 


ypaBHeHHe Hepa3pbIBHOCTH HaCbII{CHHOTO (PHJIbTpaltMOHHOrO TlOTOKa Tipu XKECTKOM PpOKUMEe: 
di Fv =O V 


upa ~ #CONSt w#m# const m - nopuctocts, Hom OObéMa Op B rpyHTe. f =0 umeem 
ypaBHeHue Hepa3pbIBHOCTH HacbIMjeHHOro (PUIbTpalMOHHOrO MOTOKA Ip yIIpyroM pexkuMe: 
Opw 
+ di Wv =0 h,,h,,-W.U,K,.K, 
Ot 
a) Mnmencuenocmb numanua 2pyHMoeovix 600, 3AKMOUEHHbIX 6 ClouUCMOU MomYe NOpod npu 
HeEU3BECMHOM Nnoos#ceHuu Bodoynopa. [2] 
B paye mpakTwuecknx 3aa4 10 H3y4eHHIO OaslaHca PpyHTOBBIX BOI IPH ABYXCJIOMHOM CTpoeHHH 
BOJOHOCHBIX TOJILL MOpO MOLWJHOCTS HWKHELO IacTa OKa3bIBaeTCA HEH3BECTHOH. 
Uckomoit BesyIMYMHEI MHTCHCHBHOCTH HHPWIbTpalMOHHOrO MMTaHHA WoToKa cBepxy W BeIriaqutT 
TaK: 
\2 w\2 m2 
eT _k, (hy) — 2(hy) + (hy") 


yy = 2h! + hy" 
2Ar 4 (Ax) . 


ae 


IIpu TOM epeMeHHy!ro MOWIHOCTS HoTOKa /, WpHHuMaeM paBHOii MOUIHOCTH MOTOKa B cpesHeM 


ceyennu /1 na cpennuii MoMeHT BpeMeHH (s Ae 1) Kak OTBeYalOlve OCpeHeHHOHM BeIM4HHE ee. 
Ja pacueTa HHTCHCMBHOCTH MHPHIETpalMoHHoro muTaHuad W m0 9TOMy ypaBHeHuto TpeOyeTca 


3HaTb, NOMHMO KooddulMeHta (duNbTpaluu BepxHero macta k,, Bomooryayu nopoy LM, MomHOcCTH 


i " m v 
rpyHtosoro notoka (/,,4,,h,; ) B BepxHeM, cpeqHeM M HWKHEM CeYeHHAX MOTOKAa Ha CpesHUi MOMeHT 
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BpeMecHu (s +1) , CHHTAA UX OT 3CpKasia BOI TO TrOpH30HTaIbHOK NOOMBBI STOO IlacTa, H pacCTOAHHA 


Me@xKy CeueHHAMN (cKBaxKHHaMn) Ax. 

HeoOxoquMo MOMHUTb, YTO ypaBHeHHe (6) WeicTBUTeIbHO Tp HaIM4YHH APKO BbIPAaxKeHHOTO 
BePTHKaIbHOrO BOXOOOMeHa Me@*KY OTICIbHbIMH CIOAMH Topo, MO BepTHKaIw MW CpaBHUTeJIbHO 
OOJIbIIMX TOPH3OHTAIbHbIX CKOPOCTAX B BEPXHeM IlacTe. ITH yCIOBMA YaCTO BO3HUKAIOT B IIpeATOpHBIX 
paiionax, .[3] B MexKropHbIx BlaMHax, re MpOMCXOAMT pa3rpy3Ka MOA3CMHBIX BO, WyTeM McrapeHHs. 
IlostomMy 0 lIpHMeHeHHA 9TOTO ypaBHeHHA HeOOxOAHMO yOeHTbCA B CYIICCTBOBaHHU IIPHHATBIX 
ycOBHi JBMKeHHA BOA. Bce 3TO BO3MO%KHO H3YYHTb B porecce ruryOoKoro OypeHHA Cc TIaTeIbHIM 
HaOJOJeHHeM 3a paciipeszesIeHHeM HallOpoB BOI 10 BepTHKaIH. 

B cilyyae pe3KO CMeHbI BOJONPOHHWaeMOcTH NOpoy WO BepTHKaIM, pH KOTOpOH pa3Hua B 
Hallopax BOJIbI BepxHero claOo TpoHHMaeMoro MH HWKHEeTO Oosee MpoHuMaemoro MWacTOB ¢ WocTHTaeT 
3HAYHMTeJIBHOM BCIM4HHBI, MOXKHO MOUYYHTb Ooee ypomeHHy!o MpHOMKeHHY!O POpMysly WIA pacueta 


Ww. 


Tak, HalIpHMep, BbIPa3HM BePTHKAJIbHbIM BOAOOOMeH MexkyLy miactamu m0 Jjapcu B Bue: 
4 $ 
q, =k, a (7) 


re k,- kospunuent (dunbrpatwwu BepxHero m1acta; 


h, - MOULHOCTb TuIacTa B CeYeHHH Xx; 

¢ - pa3HOCTb MeKJly IIbe30MeTPHYeCKHUM YPOBHeEM BOJIbI HHXKHETO HM YPpOBHeM BOJIbI BepXHero 
TIIACTOB. 

Tlocne mojcTtaHoBkKv B ypaBHenue (6) 9TOrO BEIPAKeHUA Gg, BEIPAKeHUA AIAdG,, C y4aeTOM 


ypaBHeHna (7), IOJIY4HM B KOHCYHBIX pa3sHOCTAX: 
Ww — u Ah, _ k, (hi) 7 2h) + (h;" ° = 2h 
2Ar 4 (Ax) 


hi —2h' +h és 
(Ax)? 


BeJIMUNHY BylarooOMeHa qi MC7K]TY HWKHUM WH BCpXHHM BOJOHOCHBIMM IWilaCTaMHW, T. ©. pacxoyy 


BOJIBI, mpoxoasmern yepe3 KpOBJIIO HWKHEYLO IllacTa NOW BIIMAHHCM pa3HOCTH HallopoB CS : Jlerko 


3AMeTHTB, 4TO (puc. 1.) 


Oq 
qx + > dx =4q,-4, (9) 
Ox 
WIM 
0 
qy =~ dx (10) 
Ox 


rae q,- pacxo HWKHerO TwiacTa B TepBOM ceyeHHH (ab ). Tpwuem > cauraerca 


MIOJIO7KUTCJIBHBIM, CCIM BOa WpOCayHBaeTCaA H3 HWOKHCTO WjlacTa B BepXxHHH, MU OTPULAaTCJIbHbIM, 
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eee 


CEPLTUTTITTS TTT 6! TTT 


Pea * WErr EI xs. Ke Sy Trae ON 


CLLALSA LLP DE LE AAPL DE LAA POD SA LAE DAA LAPP SE} LAPP S A LAP DDS} LA APPEAR DE LAP DEE} AAPG 


Puc.1. Cxema o603HaueHHi pacuéTHBIX BeMYHH Id HEOMHOPOTHOM TOMI BOJOHOCHBIX Topo. 
l-cynecb, 2-mecox, 3-MHMA ToKa, 4-pa3lox%xKeHHe CKOpOcTH uIbTpalwH Ha TOPH30HTAaIbHyIO HU 
BePTHKaJIbHy!O COCTAaBJIAIOWMMe. 5- BOCXOAALIee NepeqBMKeHHe BarM K UCHapAKOWeH MOBepxXHocTH. 6- 
3epKaJIO TPYHTOBBIX BOI 

Jia MCKIIOUCHHA STOM MOLIHOCTH M3 pacdeTOB BBeJeM B ypaBHeHHe (8) 


oq 
ecM JBYWKeHHe MpoTHBOMOO%KHO. IloqctaBuB BbIpaxeHue YJ, — — a > dx V3 ypapuenua (10) B 
X 
ypaBHeune (8), OyeM HMeTB: 
oh 0 
u—de=-“ ata, + Wdx (11) 
Ot Ox 


Benmmunuy q, YqOOHO paccMaTpHBaTb B Bue Mpou3sBeyqeHua, FY, = V,, dx 


Tye: V, -CIOH BOI, IpocaqMBarollelica BBepX B eMHUILY BPeMeHH Yepe3 MOAOMIBYy BepxHero 
cilom (3TOT COM OTHeCeH KO BCel MIOMaqM ceyeHuaA MOTOKa BepTvKabHOM dusbTparun); dx— 
IIPOTAKCHHOCTb 9IeEMeHTa MoTOKa. Hapayy c 3THM BerMUMHAa V, ABJIAeTCA BEPTHKAIbHOM COCTaBIIAIOMeH 
CKOpOcTH (UIbTpal{uu Ha MOAOWBe BepxHero Iy1acta (puc. 1). 

JIua Berancnenua V, IpHMeHHM ciocoO y4eTa BePTHKaJIbHBIX COCTABIIAIONIMX CKOpOcTei MOTOKa, 


lpeqoxenubiit I. 1. MomyOapunosoii-Kounnoi. Ypashenve Hepa3pbIBHOCTH MOTOKa HMeEeT BUT: 


U,V —tpoekiuu CKopocTu (usIbTpaliMu Ha KOOPAMHATHBIe OCH Ox OY. 

TlocneqHa1 HalipaBsieHa BepTuKalIbHO BBepx. [4] Hayano kKoopauHaT BbIOepeM Ha TOOMIBe 
BepxHero mutacta. .[6] 

YpapHeune (3.11) MoxkHO MpoHHTerpupoBaTs no Z Bipesenax or 0 go Zu no V —B mpeyenax 


ot V,go V. Torga mpu AonmyujeHuH HeH3MeHHOCTH M10 BepTHKaIM TOPH30HTAIbHOM COCTaBJIAFOLLIeH 


ckopoctn U nosmyauno: 
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r OU 
V=-| —az+V,=-z+V, 
Ae b b (13) 


0 


Tye U - ropw30HTasbHas COCTaBIIAIOMad CKOPOCTH WIbTpallMu, IpHHAMaeMasd MOCTOAHHON 10 
BBICOTE; 


V — snauenne BeCPTHKaJIbHOM COCTaBIAIOMIeH CKOpOcTH (UIIbTpalMH Ha BbICOTe Z OT MOJOLIBEI 
BepXHero I1acra; 


V, —TO 2Ke Ha MooMIBe 9TOFO TIacTa. 
EciM MIpHHATb BO BHUMaHHe, 4TO Ha CBOOOAHOM MOBEpXHOCTH TpyHTOBBIX BOL, T.e. upH < — h, ; 


C4UNTaA h, 3a MOIJHOCTB TFpyHTOBOTO ITOTOKa OT TOpH30HTAaIbHOK NOXOWMBI WiacTa, BepTHKasIbHaA 


COCTABJIAFOMWaA CKOPOCTH paBeH, T.¢c. V = W —xntencnsnocru HH UIbTpallwOHHOTO UMTaHuA WOTOKAa 
CBepxy - pH MOJOKUTCIbBHOM 3HAaYCHHU 3TOU BCJIMUMHbI, WIM UCIlapeHve ero Hp OTpPHTaTesIbBHOM 


3HadeHHn), Ha NOMOMBe BepxHero WiacTa 9Ta COCTABJIAFOMULAaA V = V, » a4 TOPH30HTaJIbHaA COCTABJLAO- 


dh, 


iad CKopocTu PusbTpalHu U=K, ae TO 43 ypaBHeHua (13) nosy; 


rola 
Vi, =W —k,h, — 


Ha ocHoBaHuM MocweqHero ypaBHeHHaA HalifeM BbIpaxkKeHve [JIA BeJIMYMHbI BepTHKasIbHOrO 
BOJOOOMeHAa MexK Ty WacTaMu: 


2 
Oh, 
q, =V,dx =| W— kh, — dx (14) 
Ox 
CorsacHo ypasHennto J[tor10n, y4nTEIBaIOLeMy H3MeHeHHe MOLHOCTH MOTOKa, pacxoy, KOTOporo 


B BepXHeM IiylacTe paBeH 41, HamMitem: 


OH ye - Oh 


Ox 2 or o 
Torgja c yueTOM 9TOFO ypaBHeHua HW ypaBHeHui (12) uv (13) okoHYAaTeIBHO TNOy4uM: 
Gh, k,( 07h? rh 
= —2h, —| |+2W 
a 2a? 9! a& — 


IlocneqHee ypaBHeHHe MO%xKHO [IpeCTaBHTb B  KOHECYHBIX pa3HOCTAX, MepelucaB ero 
OTHOCHTeIbBHO HCKOMOM BeJIMYHHbI WHTCHCMBHOCTH UHUIbTpalMOHHOrO TMTaHHA MOTOKa 
cBepxy W onpegessetca dbopmynon (3.10). 
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IIpu 39TOM MepeMeHHy!0 MOUIHOCTS MoTOKa /, 1pHHuMaeM paBHO MOM[HOCTH MOTOKa B cpeqHeM 


" v v 
ceyennu /1 na cpenuuii MoMeHT BpeMeHH (s He 1) KaK OTBeYaIOLHe OcpeyHeHHON BesMuHHe ee. [5] 
J\1a pacueTa HHTCHCHBHOCTH HHMUILTpalMOHHOrO MHTAaHHA W no 3TOMY ypaBHeHHto TpeOyertca 


3HaTb, IOMMMO KOs@uUneHTa PUIbTpaljMu BepxHero Mlacta ke, BOAOOTAaWH NMopoy LM, MOLHOCTH 


' " m 
IpyHTOBOrO MOTOKa (h, ) h, ) h, ) B BepXHeM, CpeJHeM HU HWKHEM Ce4eHHAX NOTOKa Ha CpeHHM MOMCHT 


BpeMecHu (s +1) , CUHTAA UX OT 3epKasIa BObI TO TrOpH30HTaIBHOK NOMOMBBI STOO WitacTa, HW paCCTOAHWA 


M@Ky CCUCHHAMH (CKBaxKHHaMNH) Ax, 
Bro: 

1. HeoOxoqumMo TOMHUTb, 4TO ypaBHeHve (13) JelcTBHTeIbHO pH Halw4HH xApKO 
BbIPaKeHHOTO BePTHKaJIbHOrTO BOQOOOMeHa Me@XKTyY OTACIbHBIMH CIOAMH TOpoy WO BepTHKaIM U 
CpaBHUTeIIbHO OOJbINMX POPH3OHTAJIBHBIX CKOPOCTAX B BEPXHeM IIacTe. 

2.  IlpupeyeHHble B CTaTbe YCJIOBHA YACTO BOSHMKAIOT B IIperOpHbIxX palioHax, B Me2KTOPHbIxX 
Bllay{MHax, re IpOMCXOAMT pa3srpy3Ka NOJ3CMHBIX BO] IyTeM MciapeHHaA. 

3. lostomy 0 TpuMeHeHHaA 9TOTO ypaBHeHua HeoOxoMMO yOeNMTbCA B CYIIeCTBOBaHHM 
IIPHHATBIX yCOBH ZBWKeHHA BO. Bce 3TO BO3MOX%KHO W3YYHTb B Mmpouecce riyOoKoro OypeHua c 
TUJaTeIbHBIM HaOJOJeHHeM 3a paciipeyesIeHHeM HallOpoB BOI 10 BepTHKaIIH. 

4. 
Circok HCi0.1b30BaHHOHn JIMTepaTypbi 
Martsees K.P. Ou3nka armocdepsr. u3y. MI'Y, 1992 r. 
Hurmatymuy P.M. [wHamuka MHoroda3Hbix cpey.— M.: Haya, 1987. 464 c. 
TlomyOapuuosa — Kounna II... «Teopua 2BuKeHuA PpyHTOBBIX BO», Mocksa, Hayxa, 1977, 664 c. 
PaxmatymnuH X.A. I'a30Baa BOHOBad WHHaMnkKa, u3q. MI'Y, 1962 r. 
.  Xamuyos A.A., Xyfaiixynos C.V.. Teopua crpyi MHoroda3Holi Ba3KON #KuAKOCTH. Tauikent «Dan» 
2005r.120 crp. 
6. Xamuyos A.A., Xynaikynos C.M., Maxmyyos V.9. «uapomexanuka» DAH-2008r. 340c. 
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